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Abstract

A dilute solution of 3He.in superfluid 4He usually behaves as a single

component classical fluid jn the context of hydrodynamic convection. However,

certain cor.vectivestates can be excited which do not seem to exist in

classical convection. These states arc characterized by noisy temperature

fluctuations and a pronounced decrease in thermal conductance relative to the

classical convecting states. Critical convective flow fields are observed

analogous to critical velocities for superfluid turbulence in pipes, The

magnitude of the average critical velocities for these two types of superfluid

turbulence arc in good ngrccment, Also, a quantitative estimate of energy

clissipat.ionduc to the interaction of normal fluid and quantized vortex lines

nppcnrs to :.lccountfor the l:~rgcdecrcasc {n thermal heat transport for the

turbulent states, These states are Identified as states of convcctivcly

driven superfluid Iurbulcncc,



Introduction

Convection in dilute solutions of 3
He in superfluid

4
He has proven to be

an excellent system for the study of classical nonlinear dynamical phenomena.

Theoretically
1,2

these mixtures are expected to undergo classical single

component convection similar to a fluid such as water. Experimentally, a

large amount of work, in particular studies of behavior in the vicinity of the

3,4
transition to oscillatory convection and detailed experiments on quasi-

pcriodicit.yand nod~:-locking:supports this theoretical point of view.

However, the theoretical treatment ignores quantum vortex line excitations of

the superfluid. Examples of thermally driven superfluid hydrodynamics in long

pipes show clear evidence for energy dissipation via the interaction of

qllantumvortex lines and the normal fluid, This type of superfluid turbulence

is typically observed in thermal counterflow experiments involving pure IIcII

altho~]ghone also sccs dissipative phcnomcn.ain pure superflow at low

6
(cmpcr:lt{lrcs. It h:u+also been shown expcrimcntally7 that vortex lines arc

:~lw:~ysprcserltin pure IIcII,prcsunnbly pinned to the walls of the container.

As norrm[lflt]idvelocity is incrcascclvort.cxlines can bc depinned nnd

subscq(lcr)tlystrctchcd by int.crnctions~ith the normal fluid. A stcndy-stnt(l

(Icvclops:1sthe gmcrntion of vortex line by the flow is bolmccd by :~nnil]i-

lmtion nt the w:IIIs.
8

In dilute solutions of ‘311cin superfluid ‘W!

collnlc.rflowis difficllltto renlizc dllc10 t.l]ccollplin~of the norrrml4I1(’

fr:l(!lior)to I}lc‘)IIcim})llrilics.‘1’}]11ssllporl’luidtl]rblllcnccI){Isnot I)ct’11

!’iI(l{lf(’(1 for solllt

V(’lf)c’ityfif’ldof

II)(’Vlrlll:lllySt:l

01)s, IIowcv{!r,col)vcct10]111](Iillltrsollltions prod(lr{’s:1I)(’1

‘1 :1
florrwllI’lllid(I)nrnull11(!:lrKl11(’)Whlcll(:11;)itlt(’1’:1(’tWith

Ioll:ll’ySllp(’rl’lllfd.Wt!ol)s(?rvcstlit(*!iWllosvpI”fq)f’rlIt’!i(’:111

ol)l, y I’c:lsol):lt)lyI)(*O%pl:lillr$d:1s:lrl$+tllp;I’I’W1l ,Ill%t %11(:1) :Itl flllf’1’:1~’f jot}. ‘IV)(’
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resulting s~~stemis one

turbulent flow (tcmpora

states whose properties

vortex lines.

where states exhibiting nonlinear behavior and

chaos) due to classical friction ce.ncoexist with

are dominated by the interaction of normal fluid and

As noted above,
3

convection in dilute solutions of He in superfluid 4He

in the absence of superfluid excitations can be described by the same

parameters as for classical convection.l The first of these dimensionless

parameters is the Rayleigh number, defined as

R Z gad3AT/uK, (1)

where g is the acceleration duc to gravity, a is the effective thermal

expansion coefficient, d is the cell height, AT is the temperature difference

across thr fluid layer, v is the kinematic viscosity and K is the thermal

diff{]sivity. Jlclowsome critical value of R (Rc = 17~ for a laterally

tlnboundcxlfluid l:~yer9)heat is conducted diffusively and there is no fluid

motion. For R > Rc fluid is conducted both diffusively and via the convective

fl~liclmotion. Onc measures hcnt.transport by dividing the applied heater

power by the ohscrvcd temperature diffcrcncc. In tile diffusive regime.,this

is ,just:1constant, namely the thcrmnl conductance, K As convective motion
c“

of the fl(lidbegins there is crlhanccd hcx~t transport,and a rncasureclthermnl

cond{lctnlwcK which is grcntcr than K The Nusselt number is defined ns [ho
c“



state, is the Prandtl number a. The initial transition to the convective

state does not depend on u but instabilities at higher Rayleigh number are

strongly dependent on u. The Prandtl number is the ratio of kinematic

viscosity u and thermal diffusivlty x and is a measure of the ratio of

relaxation time for heat.to that for vorticity. The dilute solutions have a

low Prandtl number which varies in the range 0.04 < 0 < 0.15 for temperatures

in the range 0.6 < T < 1,!5K. Thus heat is diffused rapidly relative to

vorticity and the secondary instabilities are primarily time-dependent as

10
opposed to instabilities to more complex time–independent fluid flows. The

transitions to time dependence observed in our system have been the object of

3,4,5
intense study but are not reported here. Details can be found elswhere.

For data presented here with a bottom plate temperature of 0.85 K and 1.46 %

:3
Ilcatomic concentration, the Prantl number is 0.066.

I{xpcrimcnt

The convection cell, figure 1, consists of copper top and bottom bo!md-

nrics, a stainless steel can to confine the fluid and a thermally insulat.inx

spacer made from a commercially available graphite-loaded polymide resin,11

which defines the actual region for convective fluid flow, The dimensions of

the t,tlisrcctnngulnr re~ion are 0.8 cm (high) x 1,6 cm x 1.12 cm, The C(?ll

~nnmerry crln hC modified simply by rcplncing the spacer, Tcmpcrmtures on LIIV

top nnd ho(tornpl:ltrs[lr(~mcns{lrcclwith cnlibratcd Kcrmnnium rosist:lncc

tllcrmomctcrs, ‘1’})(’Ix)(tor,lpl:{tctcmpcrnturc is rc~(llntcdto +f)I~Kand IIc:I[is

1)(’

k“

.,1



velocity which carries 3He impurities away from the warmer surface. The

resulting 3He concentration gradient.is gravitationally unstable due to

lower density of
3He relative to 4

He. The heat flow into the top plate

conducted through three ~~rallel paths: the stainless steel can, the

insulating spacer and the fluid itself. The contribution of the can and

the

is

spacer

to the total heat flow is about 15% at 0.85 K. In addition there is Kapitza

boundary resistance between the fluid and the boundaries which accounts for

about E% of the totr.1temperature difference across the cell at 0.85 K. Both

of these effects were measured and the data corrected accordingly.

T!.eprimary probe of time-dependent fluid motion in the cell is a local

thermocouple which measures temperature differences between a thermally

insulated copper plug and the top plate. The temperature differences arise

from differential heat flows into the plug and the top plate, The thermocouple

consists of a piece of gold + 0,03 atm. X iron wire with niobium leads

12connected to a .SQUIDammeter. The sensitivity of this probe is about 0.3 x

10‘7 K/ <Hz, The prob area is only 3,8% of the top plate area exposed to

the fluid ~,nddoes not significantly affect the fluid flow except in the

vicinity of the convective onset. In that region the small distortion of the

boundary conditions due to the probe can selectively excite different convec-

tive stntcs depending upon the frmction of total power applied to

l]cxltcr,This is :lnimportant point nnd will be discussed in more

I)C1OW.

the probe

detail

(M)scrv:]tio]]sin convrctin~ dil~lt(~soltllions”of 3 ‘1
1[(:in sllpcrflllidII(I01”

IloisySl:lles(’loseto the (’r)rlvc(’tfv(~ol)s(~l, cl):lr:lctcrlxrxl1).y~re:ltly r(I(lIl(’fYl

–f).



heat transport efficiency relative to quiet states, were first made by Haucke

et al.13 The origin of these states was not clear at the time and only later4

was the speculation put forward that the explanation could be quantized vortex

line excitations in the superfluid. During the last several years we have

accumulated qualitative observations as well as precise heat flow data which

lend credence to that speculation. ‘~hequalitative observations are related

to the stability of the noisy states. Before discussing these observations in

dcLail we present the

identified. Figure 2

plotted as a function

The three states with

heat transport data by which these states were first

shows the Nusselt number for six different states

of R/Rc where RCX 2000 is the critical Rayleigh number.

highest Nu are time-independent states (static velocity

field) with probe temperature fluctuations which are just the instrumental

noise. In comparison the noisy states are characterized by temperature

fluctuations at the probe many times the instrumental noise. Figure 3

illustrates the difference between a time series of a quiet state and that of

a noisy state at R~c x 1.6 as measured by the probe thermocouple. All three

noisy states have similar large amplitude fluctuations and decreased Nusselt

relati~e to the quiet states. The merging of the quiet and noisy branches of

Nusselt number as seen in Fig. 2, is a very important feature of the data not

4,13
observed in previous work and is discussed in detail below. The Rayleigh

number where the branches come together is denoted R
n“

Observations of the stability of the quiet and noisy branches are

importnnt.in interpreting t.i~cdata. The transition from a quiet to a no

s(atc is usually indticcdby n mechanical or thermal disturbance altho{],qh

sponl:inco(lstrnnsitions cnn :11s0occt]r, Trnns itinnsfrom a noisy state

Sy

o a

qllicts(:llc:~r(:never obscrvc~i. The proh:hility of a spontaneous trnnsi[ion

-(;-



is very history dependent: a short time following the initial cooldown or

after the system has been left in a noisy state for some time the probability

iS high. If the system remains in a quiet state for long periods or if the

fluid is ‘“annealed”by warming above the lambda point and then cooling very

slowly the probability for a spontaneous transition is greatly reduced. In

fact if the system remains in a quiet state too long, say several weeks, it is

sometimes impossible to get the noisy states at all. Even the application of

strong mechanical disturbances fails to induce the noisy state and one must

warm above the lambda point and cool rapidly in order to again be able to

induce the noisy states. The value of R at which a spontaneous transition

occurs is not reproducible and is also history dependent in a similar manner

as above; the longer che system is in a quiet state the higher the value of R

at which a transition will occur. An interesting exception to this statement

is that if the quiet state becomes time-dependent as for example when a

periodic temperature oscillation occurs as measured by the probe, spontaneous

transitions to the noisy state will not occur even for much higher values of R

(mechanically induced transitions still occur). Why the time-dependent motion

of the fluid stabilizes the quiet state against spontaneous transitions to the

noisy state is not presently understood.

The three quiet states with different Nusselt probably correspond to

different configurations of the flow field. From numerical simulations
14

and

15
cxpcrimcnts using other fluids in similar cell geometries the three states

can be identified with the following roll states: LWO par.allclrolls with roll

:Lxispcrpcndiculnr t.othe longer lateral side and fluid rising in the ccnlcr,

the snmc roll st.ructurcbut with fluid falling in the cent.cr,and one roll

wi[h the roll :lxispnrul]cl to the longer lntcrnl side. Wc lnhcl t.hcscthree

-’f-



states as 2rT, 2rl and lr to denote two-roll-center-fluid-rising, two-roll-

center–fluid-falling, and one roll states respectively. The 2rt and 2rl

states are symmetric states (under the operation of reversing the sign of the

velocity) a?)dthus should hGve the same heat transport efficiency. Figure 2

shows that aside from some small differences attributable to experimental

conditions the two states are identical in Nusselt number. Therefore, heat

transport alone IS inadequate to uniquely identify the states.

The different roll states can be unambiguouslydistinquished by their

influence on the probe thermocouple. The two roll states 2rt and 2rl give

large temperature responses with opposite sign due to the colder fluid (2r?~

or warmer fluid (2rl) being concentrated on the probe due to the vertical flow

of the fluid in the two roll states. The one roll state on the other hand

does not give a strong response since the fluid is generally flowing horizon–

tally across the probe for that state and the net response is averaged out.

Figure 4 shows the probe thermocouple response for the three quiet states and

also for the noisy states. It is clear from this data that each noisy state

is directly associated with one of the quiet branches and that the perturba–

tions which cause the large decrease in heat transport effecieny do not change

the gross roll structure of the fluid flow. Thus we label the noisy states as

2rT 2rl
n’

and Ir to denote the noisy counterparts to the quiet states.
n’ n

Note that as for the quiet states, the symmetric noisy states have nearly the

same Nusselt cicpcndcnccon R (see Fig. 2) al “ that the one roll noisy state

has lower Nussclt number relative to the two-roll noisy states.

‘l’hr.fact that there are three different roll structures which wc can

(Ictcc!r:~is~sthe q(lcstion about how each state is crcatcd, The answer to

Ibis q(lrs[ion lies in t,,?constr(lc,tionof the ]ocal probe situated in the top

-8-



plate. The probe area represents about 3.8% of the total top plate area

exposed to the fluid. There is an electrial resistance heater attached to the

probe which allows heat to be applied to the pr~be. When no power is applied

to t,heprobe heater, but the total heater power is positive, the probe remains

slightly cooler than the rest of the top plate. With this perturbed boundary

condition, the most stable state is the 2rt state which is reasonable since

the cold singularity of the probe should favor the colder fluid rising in the

center. Alternately, by applying power to the probe greater than the

geometric ratio af probe to total top plate area, 3.8%, the probe is made

warmer than the top plate and the 2rl state is excited. For heater power

ratios ciose to 3.8% the one roll state is excited. The procedure for

selecting different states is to begin below the convective onset with a probe

heater power appropriate for the desired state. As R is increased above R
c’

through increases in the total heater power, the desired state is selected and

the system remains in that state even when the probe power is changed. After

reaching some value of R > R the probe heater power is adjusted to the
c

geometric ratio of probe to top plate area so as to most closely duplicate

ideal boundary conditions. All data are thus taken with decreasing rather

than increasing R. Another consequence of this method is that very close to

onset the selected state becomes unstable with respect to the one roll state

and discontinuous changes can be observed in both Nusselt number, Fig. 2., and

probe amplitude, Fig. 4. The noisy analogs of the quiet states are created }~y

first preparing the quiet state and then inducing a transition to the noisy

state by the application of a mechanical disturbance. For bottom plate

t,empcraturcsof 0,70 K and 0.S5 K, one always gets the analog noisy state from

tl]cprepared quiet state and transitions from one noisy state to another arc



not ubserved. However, at 0.95 K, the noisy states are not as stable and

transition.scan occur. The systematic of these transitions has not been

studied as yet. If the Rayleigh number is decreased below Rn (the point at

which the Nusselt curves merge, Fig. 2), but still above Rc, the system will

rerain in the quiet state even if R is again increased above Rn.

Another feature of the noisy state is its spectral content as revealed by

a Fourier transform of the digitized output of the probe thermocouple.

Figures 5a and 5b illustrate power spectra for the 2rtn and lrn noisy states

respectively. The primary features of these spectra are the low frequency

plateau and rolloff at high frequencies. Although the high frequency portions

of the power spectra appear to obey a power law rolloff, the exponent of that

power law seems to increase continuously as R is increased: values between 2

and 6 have been observed. The total power in the noisy fluctuations decreases

as one decreases R and approaches the background noise floor just at Rn.

Although there does not seem to be much quantitative difference between the

total rrrisamplitudes for the different noisy states, there is a broad 10N

frequency peak which appears in power spectra of the lrn state, Fig. 5a) but

not for the two roll noisy states, Fig. 5b). The origin of this feature may

be due to a transition of the quiet state roll to a time dependent oscillation

which is broadened by the presence of the noisy fluctuations. However, the

frequency of the low frequency peak, about 0.1 Hz, is appreciably less than

the oscillatory frequency, about 0.S Hz, for the quiet state and thus that.

identification is not,very clear,

Intcrpretntion

“rhcinterprcta(ion of the d:lt:~is based on the hypothesis thnt qunntixcd

-.10.



vortex line excitations of the superfluid are present in the solutions and

that at sufficiently large convective flow fields these excitations become

depinned from the surface, interact with the normal fluid fraction and

generate the phenomenon known as superfluid turbulence. The experimental

observation

noisy state

vortex line

that a mechanical disturbance is often necessary to create the

is consistent with that picture; the energy needed to depin a

must then be quite high. It must also be true that the vortex

line distribution relaxes with a very long relaxation time from a moderate

value following a cooldown or after having been in a noisy state, to a small

value if left undisturbed in a quiet state. This would explailiwhy it becomes

harder to ind.rcethe noisy sta~e and why the probability of spontaneous

transitions decreanes with time. The merging of the Nusselt number branches

shown in Fig. 2 is consistent with experimental observations and theoretical

interpretations of superfluid tur’tmlence~i~ pure HeII that there is a critical

velocity above which a nucleated vortex tangle can grow and be self-sustain-

ing.
6,15

Hysteresis also exists in those experiments since the velocity at

which the vortex tangle fails to be sustained by the

.apprcciablelyless than the nucleation velocity. In

presented here it appears that the nucleation energy

fluid flow may be

the convection data

can be very high relative

to that in straight channels since one

regions. For example, wc have reached

transition to the noisy state,

can achieve very much larger hystcrysis

values of R/Rc ~,10 without observing :1

The large dccrcnsc in hcctttrnnsport cfficitmcy of hc noisy stmtcs

rclntivc to the qui~?t.states could conceivably bc dll(?to changes in t,hcflll{(l

pnromctcrs hro(lght:lholl(hy the prcscncc of :1vort.cxtnnglc, onc c:~nr(l1(?011I



Changes in transport coefficients (thermal conductivity, viscosity and thermal

expansion) should also be small since estimates suggest that scattering of

quasiparticle excitations is much m~re probable than quasiparticle-vortex-line

scattering. However, the effective thermal conductivity contains both
.

diffusive and counterflow contributions.l The latter contribution could be

affected by the presence of q~antized vortex lines, We do not have any way of

calculating the s!ze of this effect so it remains as a possible candidate to

explain the decrease in heat trarsport efficiency observed for the noisy

state. However, as we will see below another mechanism is capable

accounting for the Nusselt number decrease.

The decrease in heat transport can be explained by assuming

energy is being dissipated by the interaction of vortex lines and

and consequently the fluid velocities are smaller and the Nusselt

of

that extra

normal flow

number

reduced, To make this comparison quantitative we compare estimates for the

force density due to the mutual friction force between normal fluid and vortex

lines with the buoyant force density driving the convection, The buoyant

power is given by Pa = pg)((-aAT)(Nu- l)A where p is the fluid density, g is

the acceleration of gravity, a and ~ are respectively the thermal expansion

coefficient and the thermal diffusivity, nnd A is the cross sectional r,reaof

the CC1l, ‘loobtain a force density we divide Pa by the cell volume and an

nvcrngc convective velocity v which yields f(t= pg~(-aAT)(Nu - 1)/clv, For (1)(’

mutual friction force density wc use the phcnomonologicnl Cortcr-Mcllink

1‘((!quntit-)1), ttnempirical expression describing superf

Ihormnl collntcrflowcxpcrimcnts:

f = tpqf)r,”v:~
11s nH

-12”



iluid densities respectively, and Vns is the relative velocity of the normal

and superfluid fractions. To evaluate Eq. 2 for dilute solutions we use the

expression pn = pn4 + pcm*/’m3,
4 3
where m* is the effective mass of a He

18
quasiparticle, c is the mass fraction of 3He, and pn4 is the contribution of

the 4He excitations to the normal fluid density. For the dilute solution used

in this work, x = 1.46 %, and for a temperature of 0.85 K, we have pn/p =

0.028. Values for ~ in pure HeII range from about 10 to 100 cm-s/g over the

temperature range 1.2 to 2.0 K. If we take a temperature such that the normal

fluid fraction of HeII is

solution we get 1,2 K and

estimati:lgan effective ~

equal to the normal fluid concentration in our

a value of ~ = 10 cm-s/g. An altermte approach to

value Is to examine recent results on flow of 3He in

superfluid 4He

9
refrigerator,

variable power

at very low temperatures, less than 150 mK, in a dilution

An effective Gorter-Mellink equation is obtained but with a

law dependence on velocity with an exponent between 2,4 and 3.2

as opposed to the value 3 used in Eq, 2, Using a microscopic theory due to

Schwarz20 which relates ~ to the mutual friction coefficient we extrapolate

their result to our densities and obtain limits 10 < ~ < 50 cm-dgm for

exponent values between 2,6 and 3,0, We use ~ % 25 cm-s/g and obtain fn~ =

1,5 x 10-2 v;~ c\ynes/cc, Clcnrly wc cm only make order of mr~gnit{dc
.“

Cst.imrrt.cs,To cvmluntc the oxprcssions for fa and fns we need an est,imnteof

Ihc nvcrmgc convective velocity, 13ybnlmncing t,hcloss of kinetic energy d{lc

to viscous drn~ ngninst.I.hcgnirrnristng from buoyant forces gives n rclntiot]

betwccr=rNussclt number nnd nn nvcrn~c velocity v:

(vd/y)2 =CO(N\I -1) (:1)

wl~cro C 1s n constnnt of prf)[)f)rfl(~r]lllfty,Ntlmcricnlwork of (;lcvor[IndIhlss(j’

:l~l”o(*!iW(!llwith 1;(],3 nnd yirl(lw vIIIIlcs of 40 < C < ‘(!)for l’rIiTNll1 t~llml)cr~III

..1:]..



the range 0.01 g a < 0.7 and e s R/Rc-l between O and 1. We use the value C =

60 but note that using other values of C in the range consistent with the

numerical work would not change the estimates of velocity by more than 30 %.

We want to evaluate the contributions to the force densities in the vicinity

of the onset so we use R/R = 1.4 for which Nu - 1 x 0.1 (see Fig. 2). This
c

gives v X 0.24 cm/s for the average convective velocity. With that value of

velocity and assuming Vns R v, expressions for fns and fa yield values of 2 x

10-4 dynes/cc and 3 x 10-4 dynes/cc respectively. Although the estimate for

the mutual friction force density assumes that Vns x v and is thus an upper

bound on fns, the order of magnitude agreement suggests that extra energy

dissipation due to the interaction of vortex lines and normal fluid could

account for the large decrease in Nusselt n~mber between the noisy and quiet

convecting states,

Another quctntitat.iveestimate which adds crsdence to our stated

hypothesis regarding vortex line excitation is a comparison of critical

velocities for our convecting system and for thermal counterflow superfluid

tllrbulcmccin long narrow ch:mncls, In the latter case the critical velocity

cnn vnry cons!dcrably with t,hccross scctionml nrcm of the channel.6 Ilowcv(?r,

by sc:.~lingthe results by n mcnn clinrnctcrD, onc obtains scaled critical

velocities in the rnngc (),()!i< vcl)( (),13cm2/s, This is to bc compnred with

sc:nlcdcri(icnl vclocit,icsfrom the convcct,ionwork nt.different.bottom plmc

Icmprc:llllrcs (IsjIIK IIIP N(ISSP II n(lmh?r cv(l~unl.d nt NT], scc };i@, ~, in ]tq, (:])

to OVIIIIIXI(* tile v(~lo(:lt!cs, W(: !+(![]1(? these vclo(!iti(!s by t]lc (!(!1] tK!iKht (1

2
:IIK1 ot)t;l~r~ v~llll(’.s for t hc s(mlc(l cri t IC,III vclo(:f t ics (), 1 1 < v(:d < 0, 14 (’m-/fi

rot” (),’/ < T < 0,!)!) K, Alt)ioty;li tlli:i Colll])lll’t?+ol)” Is ~ol” (ii!’~(’1”(’llt flllf{l %y!+l(’ill!,

:IIKI (11 I’1’(’l’(!l)t t (’mp(?rllt 111’($ rcp:fnws (tlw t~ornull flIItd frl~(:t j(MIH Itrf~ (IIIi I(’ (’I(Is(I



however) the order of magnitude agreement is quite satisfying.

One last point of comparison between superfluid turbulence

t~ve System and in the long Channel configurations is the power

in the convec-

spectral

signature of the noisy fluctuations for both systems. Power spectra for the

convective case, Figs, 5a,b, are obtained from Fourier transforms of the

digitized output of the probe thermocouple. In the countcrflow experiments

power spectra are obtained from direct measurements of vortex line

6,21
density, and from temperature difference measurements and chemical

22
potcntialo

low frcqllcncy

depcndences,

The power spectra so obtained are all very similar, showing a

plateau and high frequency rolloff with varying power law

Early measurements in the counterflow experiments
6,21,

indicated

increasing total power in the fluctuations as the he(ltflow through the

chrmncl was increased (for induced relative -~elocitiesabove the critical

velocity). Similarly, wc observe m steady increase in total rms power for the

noisy stntcs ns tllcRaylcigh nl]mbcris increased above Rn. However, rcccnt

22result.schicto Tough ct ml. suggest thnt for counterflow experiments

fltl~t~liltions(jn tcmpcrnturc at,least) mrc the result.of noise amplification

ncnr the second crit.icnltransition

trnnsilion; clccrcnsinxin rnngnitudc

not obscrw nny nnnlogous effect,in

nnd arc only lnrgc in the vicinity of th:lt

both nbove [d below thmt poinl. Wc do

our convect.inxsystcm, but thnt mny bc d{ir

(’omlit ion!i of 11)(’pipe 01)th(-!tllplllside,



in superfluid 4He are consistent with the hypothesis that quantized

line excitations of the superfluid are present in our convection ce

depinned due to mechanical disturbances or occasionally spontaneous

and in the presence of normal fluid motion create a vortex tangle.

vortex

1, are

processes,

This

vortex tangle is stable provided the normal fluid velocity is greater than

some critical value and gives rise to decreased heat Iransport in the noisy

states because of the energy dissipation arising from the mutual friction

for~.cbetween superfluid vortex lines and the normal fluid. Quantitative

estimates of en~;rgy dissipation and critical velocities are in agreement with

this picture. According to the hypothesis, the temperature fluctuations

observed for the noisy states are due ~ the stochastic competition of

rcgcncration of vorticity clueto the mutual friction forces and annihilation

23of vortex lines at the wails of the cortainer. Although this view is

entirely consistent with the data and with the fact that no other convection

cxpcrimcnt.son classical fluids in small aspect ratio cells have observed such

states, direct.mcasurcrncntof vortex line dnnsities utilizing second sound or

ion trapping ~>robeswould ho an import:~ntverification of the picture,
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Fitzure&ptions

Fig. 1. Detail view of convection cell.

Fig. 2. Nusselt number vs. R/R The 2rt (+) and 2rl (x) quiet branches
c“

have very similar Nusselt numbers as do the noisy analog states,

2r?n ( ) and 2rlr.(A). The symbols are roll states lr and lrn are ●

and , respectively. At Rn the noisy branches merge with the quiet

branches, and some rounding of the transition from noisy to quiet is

visible.

Fig. 3, Temperature fluctuations for quit state (a) and nosiy state (b)

measured by the probe

quiet state, noisy is

Fig, 4. Plot of average probe

thermocouple. R/R 1.6. In the case of the
c

purely instrumental.

tempreature vs. R/R_ for various states at 3
G

bottom plate temperature of 0,85 K, a) coarse scale, b) big

resolut!.onnear the convective onset. The +, *, and x symbols

denote the 2r?, l,rand 2rl states respectively. The symbols , and

A denote the 2rt lrn and 2rln noisy states respectively.
n’

Fig. 5. Power spectra for two noisy branches at a bottom plate tempe.aturc

0.85 K. The spectra have been smoothed with a slidi!lgboxcar having

n width of 0.1 log_lo (Ilz). A frequency independent noise background

of -68.8 dB is subtracted from the data,

a) Spectra for the lr noisy state, From top to bottom, t.hclR
n 1,

vnlucs nrc 9,015, 2,793, nnd l,45n,

b) Spcct.rafor t,hc2rtn noisy state, I:romtop to bottom, t,hc1{/1{
(!

v:llllcsnro 0,9(;9,3,61, 20~ilund 1.S/1,

.-1 $)_
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